It has been widely acknowledged that the effects of climate change are not gender neutral. However, existing studies on adaptation to climate change mainly focus on a comparison of male-headed and female-headed households. Aiming at a more nuanced gender analysis, this study examines how husbands and wives within the same household perceive climate risks and group-based approaches as coping strategies. The data stem from a unique selfcollected and intra-household survey involving 156 couples in rural Kenya, where husbands and wives were interviewed separately. Options for adapting to climate change closely interplay with husbands' and wives' roles and responsibilities, social norms, risk perceptions and access to resources. Consequently, a higher percentage of wives adopt crop-related strategies, whereas husbands employ livestock-and agroforestry-related strategies. Besides, there are gender-specific climate information needs, gendered trust of information and preferred channels of information dissemination. Further, it turned out that group-based approaches benefit husbands and wives differently. Group-based approaches provide avenues for diversifying livelihoods and managing risks for wives, while they are pathways for sharing climate information and adaptation options for husbands. Social groups help husbands and wives to enhance their welfare through accumulating vital types of capital such as livestock, durable assets, human, natural, financial and social capital. The findings suggest that designing gender-sensitive policies and institutionalizing gender in climate change adaptation and mitigation frameworks, are vital. Policy interventions that rely on group-based approaches must reflect gender perspectives on the ground in order to amplify men's and women's specific abilities to manage risks and improve welfare outcomes in the wake of accelerating climate change.
Introduction
To lessen the adverse impacts of climate change and variability local farmers have adjusted to harsh weather conditions and have already developed coping strategies over time. However, much remains to be learned on how men and women are adjusting to harsh weather conditions and why they are taking up specific climate-smart agricultural practices. The interaction between gender and climate change has received considerable attention in recent years, especially on the susceptibility of women to climate change impacts (Neumayer & Plu 2007; Bynoe 2009; Lambrou & Nelson 2010; Dankelman 2011; Serna 2011; Goh 2012; Alston 2013) . For instance, it has been widely acknowledged that the effects of climate change and variability are not gender neutral. Further, there is far-reaching literature on adaptation to climate change in the domain of developing countries (see Grothmann & Patt 2005; Deressa et al. 2009; Below et al. 2012; Bryan et al. 2013; Di Falco & Veronesi 2013; Pérez et al. 2014) . Nonetheless, these studies often miss out more nuanced gender aspects, or their empirical approach only permits comparing male-and femaleheaded households. Therefore, as of now, there is limited empirical evidence on how gender at the intra-household level influences the adaptive capacities of men and women.
Further, vast empirical evidence indicates that gender disparity exists in access to resources, information and access to agricultural inputs (see FAO 2011; Peterman et al. 2014 for a review). Access and power to control assets are vital pathways to upsurge income and empower individuals to escape from poverty, reduce vulnerability, adapt and build resilience to accelerating climate change and variability. In spite of policies and interventions supporting gender equality and empowering women's inclusion in governance, gender disparity remains a worldwide challenge. To improve their fallback positions and to obtain better access to resources and improve their bargaining power and welfare, the poor and women draw upon social capital and 'group-based approaches'. Nevertheless, there has been little attention to gender-differentiated group-based approaches in the context of improving men's and women's adaptive capacity, ability to manage climate risk and protect household assets. A research gap exists with respect to what kinds of groups are most effective for empowering men and women in the face of fast-track climate change. Understanding the potential for gender-differentiated group-based approaches is relevant for policy formulation and program design, particularly while targeting development programs through social groups in developing countries like Kenya.
To bridge this gap, the study applied unique self-collected and intra-household data to address the following objectives: a) To assess husbands' and wives' perceptions of climate change and adaptation measures b) To examine husbands' and wives' adaptive capacity in the domain of differentiated access to household resources and agricultural information c) To investigate the potential for gender-differentiated group-based approaches in enhancing husbands' and wives' adaptive capacity, managing climate risk and fostering welfare
The study employed individual-and intra-household level data of 156 pairs of spouses and gender-differentiated focus group discussions (FGDs) to address its objectives. Collective and bargaining approach indicates that an intra-household perspective is important because households rarely operate as a production or consumption unit, but actors have different preferences while making household decisions, distributing resources and when responding to policy initiatives (Alderman et al. 1995; Agarwal 1997) . Besides, men and women respond to risks/shocks differently and their asset portfolios are used to cope with different shocks (see Rakib & Matz 2014; Kumar & Quisumbing 2014) . Collective and bargaining approach necessitates the need for interviewing household members individually and calls for intrahousehold analyses. This approach enables identifying gender differences in perceptions, adaptive capacity and uptake of climate-smart agricultural strategies. What is more, collective and bargaining perspective indicates that husbands and wives within the same household have different abilities to make timely decisions, such as adaptation decisions and therefore are likely to respond differently to climate change. Furthermore, studies considering gender-differentiated social capital formulation and benefits accrued are rare. For example, it is not clear which kinds of social groups are vital while targeting men and women.
The study contributes to the existing literature on climate change by applying a unique selfcollected data set and a more nuanced gender analysis in order to shed light on intrahousehold decision-making. The findings show a slight degree of agreement between couples on how they perceive climate change, reasons for concern, uptake of climate-smart strategies, and how they benefit differently by associating in group-based approaches. These findings imply that husbands and wives have different abilities in decision-making governed by their different risk perceptions and their different abilities to manage climate risk. Besides, there are considerable gender disparities in asset ownership, access to information, gender-specific climate information needs, bargaining power and education levels, which could make female spouses more vulnerable to climate change from a feminist point of view. The study argues that in spite of women having partial access to essential assets, they draw upon indispensable pathways of social capital and group-based approaches to foster their welfare outcomes through facilitating access to productive inputs and assets that sequentially improve their adaptive capacity and ability to manage climate risk.
Intersection of gender, assets and adaptation interventions
This section presents the role of assets in climate change adaptation and in agricultural development. It accents the vital needs for understanding the intersectionality of gender and access to power and to control assets in influencing adaptation needs. Gender equality and intra-household dynamics in access to both tangible and intangible assets are essential in reducing vulnerability, managing climate-related risk and stimulating adaptation decisions, particularly regarding the uptake of climate-smart agricultural practices (Nelson et al. 2002) .
In the Millennium Development Goals and Post-2015 Development Agenda for attaining Sustainable Development Goals, gender equality has been highlighted as a key strategy in attaining sustainable development (UN 2013; UNEP 2013:5) . However, gender inequality persists in climate change governance and leadership, decision-making arena and in access to social institutions particularly in developing countries (OECD 2012; UNFCC 2013; Carr & Thompson 2014) .
First, women have limited control over land and property rights. For instance in Sub-Saharan Africa (SSA), women only have rights to use and access land through men, especially in customary land tenure systems (Farnworth et al. 2013:76) , while only 3 percent of women own a title deed in Kenya (GoK 2008), hence positioning women at the periphery of crop production decisions (Skinner 2011) . Unequal rights to land not only limit women's ability to access credit, but also restrict their decisions on land use that are necessary to adapt to climate change. Gender inequality also persists in livestock ownership and control of income where men own and control income from large livestock -cattle and draft livestock, whereas women own small livestock -goats, sheep and poultry (Njuki & Sanginga 2013) .
Access to agricultural extension services is crucial in achieving food security and increasing agricultural productivity (Davis 2008; Dercon et al. 2009; Ragasa et al. 2012 ) besides facilitating climate change adaptation (Gbetibouo et al. 2010; Mustapha et al. 2012; DiFalco & Bulte 2013) . Ragasa et al. (2012) show that Ethiopian women have limited access to agricultural extension services, information and technology. McOmber et al. (2013) find that women are often left out of information and communication technologies (ICTs) that are crucial in disseminating climate and agricultural information to farmers. This unequal access to extension, information and other forms of communication is likely to affect women's adaptive capacity. However, for climate information to be useful to farmers, it is vital to be accurate, relevant, trustworthy and accessible (Vogel & O'Brien 2006; McOmber et al. 2013 ). Nevertheless, little is known about how men and women perceive or trust the information they receive from different media, agents and institutions. Besides, a lot more has to be learned on gendered information needs and what channels of information are effectively reaching out male and female farmers.
Access to financial assets is a catalyst for uptake of innovations, technologies and inputs such as improved seed varieties and agrochemicals (FAO 2011) that are important for adapting to climate change. However, overwhelming evidence indicates that there is differential access to agricultural inputs (Peterman et al. 2014 ). Female farmers have limited ability to secure loans (FAO 2011) and often have no savings since they spend a higher proportion of their income on the household's food, health and education (Saulière 2011 ). This has far-reaching consequences on gendered input use and low agricultural productivity (Croppenstedt et al. 2013) besides impacting on women's adaptive capacity. Nonetheless, women easily access informal credit through group-based saving and credit associations, thereby investing credit in productive livelihood activities. With limited access to other crucial assets such as land and credit, new forms of group-based approaches offer novel pathways to access productive assets, particularly for asset-poor and female farmers. Evidence indicates that when women have access and control over key productive assets such as land, financial capital, inputs and bargaining power, it translates positively into household's well-being outcomes including food security, children's nutrition, education, health and survival rates, agricultural productivity and conservation of natural resources (FAO 2011; OECD 2012; Farnworth et al. 2013) .
Social capital, so called 'group-based approaches', helps households or individuals in reducing vulnerability and enhancing coping, adaptive capacity and recovery from adverse events (Adger 2003; Adger et al. 2009; Bezabih et al. 2013 ) and adapting to climate change (Nganga et al. 2013; Chen et al. 2014) . At community level, social capital supports accumulation of assets, knowledge and building resilience to climate change (Mueller et al. 2013 ). However, strong social ties may also hamper adaptation options such as soil management practices (Di Falco & Bulte 2013 for Ethiopia). 1 There has been little attention to gender-differentiated group-based approaches in the context of improving men's and women's abilities to manage climate risk, protect assets and improve welfare. Besides, a research gap exists with respect to what kinds of groups are most effective for empowering men and women in the face of fast-track climate change. Men and women are likely to accumulate different forms of social capital that would apparently have different influences on adaptation to climate change and their welfare.
The reviewed literature pays limited attention to the intersections of intra-household decision-making and access to resources and the potential for gender-differentiated groupbased approaches. This study provides a more robust gender analysis using self-collected data on how husbands and wives within the same household perceive climate risks, uptake climate-smart agricultural practices and participate in group-based approaches as a riskmanaging tool. The study presents the agreements or concordances among couples on how they perceive climate risks and in turn, uptake climate-smart agricultural practices in order to manage climate risk. Besides, gender-differentiated agreement/disagreement between husbands and wives in the same household shows how spouses accumulate social capital differently and in what ways they participate in group-based approaches to improve their welfare differently.
Data and sampling procedure
Data for this study was collected from three agro-ecological zones (AEZ) in rural Kenya-the semi-arid, medium potential and high potential zones-between June and September 2012. The sampled districts included Mbeere South and Nakuru (semi-arid zones), Gem and Siaya (medium potential zones) and Mukurweini and Othaya (high potential zones). The survey aimed at a wider range of climatic, agro-ecological, socioeconomic and cultural conditions, policy and institutional arrangements, and susceptibility to climate change. The study employed a mix of qualitative and quantitative techniques to collect data.
The survey involved individual-and intra-household level data, by interviewing husbands and wives separately. Overall, a random sample of 156 pairs of spouses was interviewed, making 312 respondents in total. This approach captured intra-household and genderdifferentiated data on access to resources, perceptions and adaptation strategies and differential group-based approaches of husbands and wives. Qualitative research involved gender-disaggregated FGDs carried out in all study sites to supplement the household survey. The study developed a FGDs protocol, including modules on perceptions, adaptations, potential for group-based approaches and institutions in enhancing adaptive capacity and building assets for men and women. The study randomly sampled FGDs participants with the help of field facilitators and local leaders to ensure wider representation and views, including participants in different age groups, social status, members and leaders in group-based approaches. Overall, FGDs involved seven women FGDs and eight men FGDs, making 15 FGDs in total.
Perceptions of climate change involved asking how male and female farmers have perceived changes in average temperatures and average rainfall and other climate indicators over the last ten years. To assess the bargaining power, we asked how decisions pertaining to land use are made i.e. consensus between husband and wife or otherwise. Following Filmer & Pritchett (2001) and Moser & Felton (2007) , the study applied principal component analysis (PCA) to compute an asset-based index for consumer durables and farm durables assets using a wider range of assets. 2 Besides, from PCA a social capital index was developed consisting of variables on trust, reciprocity, group participation and social support (see Table  1A -1 in the appendix). 3 Trust of information index defines how farmers depend on or trust 2 Assets considered for consumer durables include car, motorcycle, television, mobile, refrigerator, radio and mobile phone, while agricultural assets considered 19 types of assets, including farm tools, machinery and engine generator. 3 The study developed social capital using PCA such that
Where is the social capital index for the ℎ observation, is the categories of social capital in ℎ is dummy variable i.e. n=1,.., N, while 1 is the weight of the social capital index (factor components). The study considered factors with the Eigen-values >1 for further analysis. information they acquire from various sources, which was assessed using a 5-point Likert scale, from 1 = 'strongly distrust' to 5= 'strongly trust.' Categorical principal component analysis (CAPCA) developed the trust index. 4 The Tropical Livestock Units (TLU) quantified an extensive range of different livestock portfolios in a consistent manner. 5 The study disaggregated livestock portfolios into poultry (chicken, fowl, duck, turkey), small ruminant and non-ruminant livestock (rabbits, pig, goats/sheep), cattle (cows, bulls, heifers, calves), and draft livestock (oxen and donkeys). Intensity of adoption is the number of adopted practices/strategies aggregated at the household level.
Capturing the intra-household dimension of the data
This paper aims at a more nuanced gender analysis on how husbands and wives within the same household perceive climate risks and group-based approaches as risk-managing tool. The major analytical challenge is not to consider husbands and wives as "separate entities" or to employ an "across" households perspective. Instead, it is important to employ a gender lens "within" households and bearing in mind how the interaction between husbands and wives plays out. The paper explores the degree to which husbands and wives in the same household agree, accord, or respond differently to questions about perceptions of climate change, adaptation options, access and trust of agricultural information and participation in group-based approaches.
To define agreement and concordance of the responses, i.e. the extent husbands and wives within the same household report comparable perceptions and risk behaviors, some statements were re-coded. For instance, perception of climate change involving a four-point Likert scale (1 = 'decrease', 2 = 'increase' 3 = 'remain the same' and 4 = 'don't know') was recoded as 1 for a perceived 'decrease' or 'increase' and 0 'otherwise'. The responses of causes of climate change, similarly involving a four-point Likert scale of 1 = 'is a cause', 2 = 'might be a cause', 3 = 'is not a cause' and 4 = 'don't know' were recoded as 1 for 'is a cause', and 0 'otherwise'. Since recoding and collapsing categorical data to ordinal data could jeopardize the information acquired, sensitivity analyses examined if the choice of data affected the magnitude of agreement or concordance of husband-wife answers. The degree of intra-household agreement (whether the wives and the husbands provide affirming responses) was summarized for each response. Besides, individual and household-level variations in the frequency of husbands and wives for each response were calculated.
To capture the intra-household differences and household-level differences in agreement or concordance, the study applied Kappa statistics (weighted percentage agreement, Kappa estimates and corresponding P-values) and Pearson Chi-square. The Kappa statistics are often used to examine the significant inter-rater agreement of two or more groups (Viera & Garrett 2005) . This estimate fits the dichotomized data, especially to measure whether husbands and wives in the same household have corresponding or diverging perceptions about a jointly experienced phenomenon. Kappa estimate also measures the concordance on the choice of adopting suitable innovations and agricultural strategies in management of crop and livestock and decision in participating in a number of group-based approaches among husbands and wives. Kappa estimates range from negative one to positive one, with a Kappa of one implying perfect agreement and a Kappa of zero inferring agreement by chance or random influence (Viera & Garrett 2005) . 6 The Pearson Chi-square estimate of equality, on the other hand, is useful to examine whether the husbands' and the wives' choices are independent of each other and whether the fraction of wives asserting the responses differ significantly from that of the husbands. Table 1 presents the intra-household analyses of perceptions of average rainfall and precipitation variability and the average temperature over the last 10 years. Both husbands and wives in the same household have perceived changes in climate. The findings show a slight agreement between husbands and wives that average temperatures are increasing (Kappa P-value < 0.10). Further, husbands and wives fairly agree that average rainfall has been decreasing, and incidences of malaria have been increasing (Kappa P-value < 0.001). It is worth noting that a higher percentage of husbands and wives perceive a decreased rainfall, while a lower percentage agree on increased rainfall. That means in sum, the perception among spouses is that overall rainfall is decreasing (Kappa P-value < 0.001). Nonetheless, there is a unique and statistical significance with respect to differences between husbands and wives about perceived changes in erratic rains and early onset of rainfall. A higher percentage of wives perceive incidence of erratic rainfall with profound flooding and early onset of rains as compared to husbands (Pearson x 2 < 0.10).
Findings from gendered intra-household gender analyses

Gender differentiated perceptions of climate change
Gender differentiated concerns of a changing climate
Intra-household concerns indicate that both husbands and wives are worried about the changing climate (Table 2) . There is a slight agreement on the reasons for worrying about climate change. In the same domain, husbands and wives both agree that experience of water scarcity increases their worries about climate change (Kappa P-value < 0.05). However, Pearson chi square estimates show statistically significant differences between husbands and wives concerning climate change, whereby wives have a higher risk perception because of deteriorating agriculture productivity (57%) and low fodder availability (43%) as compared to 41 percent and 32 percent of husbands, respectively (Pearson x 2 <0.05). Besides, a higher percentage of wives are concerned about the impact of climate change on food security (76%) and increasing rate of poverty (17%), compared to 66 percent and 10 percent for the husbands (Pearson x 2 <0.05) respectively. On the other hand, a higher percentage of husbands are concerned with decreasing water availability (27%) as compared to 19 percent of that of the wives (Pearson x 2 <0.05). Further analyses show that husbands and wives perceive differently their level of knowledge on the causes and impacts of climate change. Husbands perceive themselves to have an average knowledge (Pearson x 2 <0.10), while wives perceive themselves as not well informed (Pearson x 2 <0.10) about the causes of climate change and its effects on their livelihood. Husbands and wives slightly agree that poor farming practices such as degrading water reservoirs and wetlands are the chief cause of changing climate (Kappa P-value <0.05). However, a higher percentage of wives beliefs that God is the cause of climate change (Pearson x 2 <0.00), while husbands perceive poor farming practices as the main drivers for climate change (Pearson x 2 <0.10). Table 3 presents intra-household adaptation to climate-smart practices in crop and livestock management. There is slight agreement between husbands and wives on uptake of livestock-related practices (Kappa P-value <0.10). However, there is no accordance amongst couples in adoption of specific livestock-related practices. Besides, Pearson analysis shows that husbands are slightly ahead when it comes to adaptation measures in the domain of livestock management (54%), as compared to their spouses (52%), though this difference is not statistically significant. A higher proportion of husbands embrace improved livestockrelated management practices such as changes in feeding practices, changes in livestock breeds, and reducing the number of livestock. Changing livestock breed is a high-cost venture that hinders women adopting the strategy because of their comparably lower resource base. However, qualitative analysis shows that women diversify livestock portfolios through the rearing of small ruminant and non-ruminant livestock as an income generating and coping strategy in the incidence of extreme events.
Intra-household climate-smart agricultural strategies in management of crop and livestock
On the other hand, Kappa estimates show that there is no agreement between husbands and wives on uptake of crop-related practices. Furthermore, both husbands and wives agreed that they are changing crop varieties (Kappa P-value <0.05), increasing land under production (Kappa P-value <0.10), expanding the portion of land under irrigation (Kappa Pvalue <0.10), adopting water and soil management practices (Kappa P-value <0.001) and taking up agroforestry-related practices (Kappa P-value <0.10). This implies that husbands and wives both affirmed that they are undertaking these practices. However, the findings show there is substantial gender differences in crop adaptation strategies between husbands and wives. A higher percentage of wives (82%) made changes in crop production, as compared to the husbands (72%) (Pearson x 2 <0.10). Further, female spouses adopt more agricultural practices (2.44), as compared to the husbands (2.28) to reduce the risk associated with climate change. A higher percentage of female spouses across all agro-ecological zones engage in soil conservation and management practices as compared to male spouses (Pearson x 2 <0.10). These practices include soil amendment (e.g. use of animal and composite manure), crop rotation and use of cover crops (e.g. sweet potatoes and pumpkin). Besides, a higher percentage of husbands adopt agroforestry-related practices as compared to their wives (Pearson x 2 <0.05). Agroforestry is a long-term land investment that necessitates land ownership and secure land tenure. Besides, women's low-decision-making power in the use of land (as shown in the subsequent section) could hinder adoption of agroforestry. However, qualitative findings show that women-based crop production in social groups encourages planting of fruit orchards (e.g. avocados and pawpaw) as agroforestry systems; hence diversifying household sources of food and nutrition as well as sources of income.
Gender differentiated access to physical, livestock and human development capital
5.4.1 Access to physical capital, livestock and control over land Figure 1 presents gender-differentiated ownership of household assets. The findings show that husbands have a higher ownership of all assets, except for consumable assets. It is interesting to note that husbands and wives jointly own a bigger proportion of large, small ruminant and non-ruminant livestock, such as shoat, rabbits and poultry. However, husbands own and control a bigger percentage of draft livestock (oxen and donkey), while wives control poultry. overwhelming majority of male spouses makes decisions without consulting their spouses (77%), while 34 percent of wives noted that they involve consensus on decision on land use. Interestingly, there is a clear discrepancy among couples in the same household in the decision -making process on land use.
Education and access to agricultural and climate information
Human development is an important asset that provides a buffer against the adverse impact of climate and weather shocks. The results show that husbands have higher years of schooling (8 years) than wives (6.2 years), implying that husbands have at least completed basic primary education level. In the domain of literacy level, household-level analysis shows that a higher proportion of the husbands have a higher literacy level (94%), than their wives do (80%) (Pearson x 2 <0.001). Table 4 presents gender disparity in access to agricultural and climate information. The results show that husbands and wives fairly agreed to have interacted with extension officers during their field visits (60.9%, Kappa P-value <0.001). However, husbands have a higher access to information on crop and livestock production besides higher access to extension services than the wives do (Pearson x 2 <0.001). On the other hand, wives have a higher access to weather forecast (Pearson x 2 <0.001) and have a greater access to advice on the climate adaptation options. On the other domain, a higher percentage of husbands have access to early warning systems for severe or abrupt events such as floods and drought (Pearson x 2 <0.05). Climate change information, in the form of early warning systems and seasonal weather forecasts allows farmers to make wellinformed decisions on farming practices, which lower their vulnerability to climate change. Further analyses show that there exist gender-specific preferences of information dissemination channels. For instance, husbands and wives slightly agree that they prefer accessing information through group-based approaches, neighbors and local leader meetings (Kappa P-value <0.05). Nonetheless, husbands easily access agricultural information channeled through extension officers (Pearson x 2 <0.01), local leader meetings (Pearson x 2 <0.01) and printed media-newspapers (Pearson x 2 <0.005), while wives prefer accessing agricultural information through radio programs (Pearson x 2 <0.10) and groupbased approaches (Pearson x 2 <0.10).
Nevertheless, for farmers to apply agricultural and climate information, the information ought to be truthful, accurate and reliable. Trust in the information acquired through different channels is likely to influence taking up climate-smart agricultural strategies. Both husbands and wives agree that the information they acquire through group-based approaches, printed media and extension officers is truthful and reliable (Kappa P-value <0.10). Nonetheless, wives have a higher trust level of the information they acquire through extension agents and social groups (t-test P-value<0.10), while men highly trust information from meteorologists (t-test P-value <0.10) (see Table 1A -2 in the appendix). Besides, husbands and wives agreed that the information they acquire through media (radio programs on agriculture) and extension officers is very influential in their decision-making especially on crop and livestock production, soil and water management practices, agroforestry and uptake of new technologies, which are necessary in taking up adaptation strategies.
Gender differentiated group-based approaches in managing climaterelated risks
Participation in social groups for the husbands and wives
In rural Kenya, groups which households or individuals belongs to differ in function and category. A substantial agreement between the couples in this domain implies that husbands and wives affirm that they belong to specified categories of social groups. Husbands and wives fairly agree that they belong to any social group (Kappa P-value<0.001). There is a significant population-level difference between the couples in participating in group-based approaches. A higher percentage of wives (91%) belong to social groups, as compared to the husbands (81%) (Pearson x 2 <0.05). Nonetheless, a higher percentage of husbands belong to community-based organizations (CBOs) as compared to the wives (Pearson x 2 <0.10) ( Table 5) .
Associating in CBOs enhances political capital and power dynamics within the community and mediates external support and resources that are necessary to build resilience against extreme events. Besides, a higher percentage of husbands belong to farmer's associations (Pearson x 2 <0.001) and group-based welfare associations (Pearson x 2 <0.10). Interestingly, husbands have a higher duration of group membership than the wives do (t-test P-value <0.10), which could imply sustainability of groups that men belong to. Further, a higher proportion of husbands belong to mixed-gender groups (heterogeneous groups) as compared to wives who mostly belong to single-gender groups (homogeneous groups) (Pearson x 2 < 0.01). Table 6 shows how husbands and wives formulate and accumulate their social capital by connecting in group-based activities. A substantial agreement between the couples in this domain implies that husbands and wives formulate and accumulate social capital through group-based approaches in a similar manner. Husbands and wives affirm that they are willing to participate in disaster management activities (91% in agreement) (Kappa P-value<0.05), willing to contribute their time and labor (89% in agreement) (Kappa P-value<0.001) and are willing to participate in other group activities (80% in agreement) (Kappa P-value<0.05). Besides, husbands and wives slightly agree that most people in the community are trustworthy (56% in agreement) (Kappa P-value<0.05) and they affirm to have witnessed sanction for the community members who are unwilling to participate in group-based approaches (62% in agreement) (Kappa P-value<0.05). The population-level difference between the couples shows that husbands rather than wives are more willing to cooperate in community activities, 67% and 36%, respectively (Pearson x 2 <0.05). Further, the findings indicate that husbands have a higher social capital index (0.71), as compared to wives (0.68), statistically significant at 10% (t-test P value<0.10). Besides, a higher percentage of wives are more willing to participate in group-based activities and have received support from friends in the occurrence of extreme events (Pearson x 2 <0.001).
Formulation and accumulation of social capital for husbands and wives
The potential for gender-differentiated group-based approaches in enhancing adaptive capacity, building assets and enhancing welfare
Group-based approaches provide a platform for sharing climate information, adaptation ideas, and risk management (Table 7) . A higher percentage of men acquire climate information, adaptation ideas, and access to farm inputs through social groups than the wives (Pearson x 2 <0.01). Cross-tabulations and T-test estimates indicate that the husbands and wives belonging to social groups have a higher access to early warning information (ttest P<0.10) and access to numerous sources of information (t-test P<0.10) than non-group members (see Table 1A -3 in the appendix). Qualitative analyses show that in some cases, group members contribute money to purchase farm inputs (seeds and fertilizer) in bulk, thus enjoying economies of scale and reducing the transaction costs. Access to information and inputs are the key catalyst for adapting to climate change. The group-based adaptation practices highlighted by men and women include water-harvesting, tree planting, forage banks, while adopting energy saving stoves is purely a women's affair. 7 Group-based approaches do not work in isolation from other institutions and governance structures. For instance, farmers use demand-driven extension delivery approaches whereby they organize themselves and invite the extension officers for training and advice on appropriate adaptation options and other agricultural development opportunities. Alternatively, extension agents and non-governmental organizations (NGOs), micro-finance and commercial banks work closely with social groups by organizing entrepreneurship /agribusiness training, agricultural training and when targeting development programs. These qualitative findings are further supported by cross-tabulation analyses that group membership enhances husbands' and wives' access to extension services (t-test P<0.10) and farmer field schools (t-test P <0.10) (see Table 1A -3 in the appendix). Therefore, groupbased approaches enhance capacity building and human capital development, which not only increase knowledge in adaptation but also add value in agricultural production.
On the other hand, associating in social groups offers alternative sources of livelihood diversification and acts as a risk management tool through innovative systems to adapt to climate change. The groups that wives belong to often diversify sources of livelihood (Pearson x 2 <0.10) and manage climate (non-climate) risk (Pearson x 2 <0.05). These innovative systems include individual and group-based income generating activities, provision of financial facilities and safety net programs. Group-based saving and loaning undertakings provide informal access to credit that not only create opportunities to diversify sources of livelihood but also act as an insurance in times of shock. Group-based micro-credit facilities also enhance women's ability to build asset portfolios, besides, enhancing their welfare through enabling them to pay school tuitions for their kids and autonomy over their proceeds. The findings show that men and women belonging to social groups have a higher access to credit (t-test P<0.05) as compared to non-group members. Group-based asset acquisition helps men and women to build their asset portfolios and welfare. Men and women take part in group-based livestock acquisition, such as poultry, rabbit, dairy goats, cattle and group-based fish production. Farmers multiply livestock through exchange, passage of offspring and rotating of the male animal for reproduction purposes to the rest of the group members. Farmers mostly prefer dairy goats because they require less pasture, have a higher adaptive capacity to extreme events such as drought, require less labor and their milk has higher nutritional value. Another way social groups enhance women assets is through collective purchasing of household consumer durable assets such as household appliances, water reservoirs, cooking stove /pots that augment their asset portfolios. Notes: Superscript * presents significance at the 10% level, ** at the 5 % level, ***at the 1% level Source: Authors' computations centered on the 2012 survey data.
Qualitative findings further show that women's groups rent in land, thereby increasing their access to land and decision on the use of land. This kind of arrangement has a far-reaching effect on women's adaptive capacity and welfare with respect to improving the position of household food and nutritional security and diversifying sources of income. Apart from group-based food production, women's groups collectively purchase food stock in bulk and sub-divide amongst themselves. This approach increases food security and improves nutritional outcomes, besides augmenting women's saving capacity by reducing cost of food in the household bearing in mind increasing food prices and cost of living. Consequently, the saving realized by reducing costs of food is crucial in investing in supplementary incomegenerating ventures, accumulating extra assets and meeting additional family end needs. Group-based welfare associations help men and women to cope with sudden risks, such as illness or death of family members or any other misfortune incidences. A case in point is that group members provide nursing care, provide labor in agriculture and insure the medical bill for their ailing member. Although most of the groups that farmers belong to are not formed with the explicit function of adapting to climate change, they often divert from their main mandate to address the current and pressing needs of their members. Groups having microcredit as their key mandate, with other functions comprising asset acquisition, agricultural production, welfare/risk management in times of crisis, illustrate this. The evidence highlights new insights on gender differentiated group-based approaches and its starring potential in managing climate risk in the face of rapidly changing climate.
Discussion
While most studies miss out gender perspectives or compare male-and female-headed households, this study employed a nuanced gender analysis, embracing individual-and intrahousehold level data and gender-differentiated FGDs. The findings show that there are gender-specific risk perceptions and worries about climate change that influence adaptive behavior. The gendered risk perceptions and concerns about impact of climate change are due to prevailing social inequality and varying susceptibilities (McCright 2010; Semenza et al. 2011; Safi et al. 2012) . Wives pinpoint that climate change is worsening their poverty status which is in line with widespread consensus on the 'feminization of poverty and susceptibility' (see Klasen et al. 2015 for an overview).
The gender-specific uptake of climate-smart agricultural practices depends on 'intersectionality' of access to information, reliability of information, risk concerns and perceptions, institutional arrangements, social relations, gender norms, economic and cultural roles and responsibilities of husbands and wives in the household. A woman in the household has a role to produce food and oversee nutrition status, thus raising higher worries about declining agricultural productivity and higher incidences of food insecurity. Women's roles in food production are affected when the food production deteriorates due to drought and erratic rainfall exposing households to food security risks (Resurrección 2013) . Consequently, wives adopt practices inclined to crop production to boost food security in the household. Since it is women's role to feed livestock particularly in central highlands (Kristjanson et al. 2010) ,wives express greater concerns about declining fodder productivity due to frequent dry spells. Women hence plant fodder crops to lessen labor burdens liable to searching fodder and feeding livestock during dry seasons. Entitlement theory could explain husbands' preference in uptake of livestock-and agroforestry-related practices. Ownership of large livestock could motivate husbands scale up livestock-related practices such as de-stocking, changing in feeding practices and changing livestock breeds. Besides, insecure land rights, limited access to capital and productive inputs could hinder women in taking up climate-smart practices such as agroforestry and conservation agriculture (Farnworth et al. 2013; Oloo et al. 2013; Pérez et al. 2014) .
Differential access to assets, information and bargaining power over land use disputes the 'unitary household model' on household decision-making that habitually 'rationalize gender inequality' in market-based or non-market livelihood (Seiz 1995) . Allowing a bargaining approach is 'ideal' and often has positive welfare outcomes (Doss 2013) . Our findings suggest that the household head has an upper hand over decision-making on land use, which could be viewed as 'benevolent dictator' or neglect of human 'agency' and social constructions and norms (Seiz 1995; Agarwal 1997; Kabeer 2001) . Agarwal (1997) argues that intra-household bargaining power interplays with other factors, such as economic status, legitimacy of social and legal claims, institutions, support systems, endowments/ entitlement, social norms besides, stability of individual's 'fallback position', often regarded as the 'threat point'.
'Feminist institutionalism' offers solutions to include women in decision-making processes, how to institutionalize gender and the interactions between gender and governing institutions (Mackay et al. 2010) . In spite of the Ministry of Agriculture having a 'gender desk' and acknowledging the importance of women in agriculture, service delivery particularly extension services and farmers' training programs -are still gender-blind (see Mbagaya & Anjichi 2007) . The conundrum is to design institutional processes that consider gender as a key factor and how processes and institutions bring about change being essential for comprehending both agency and power. Besides, institutional and governance challenges underscored include lack of 'trust' on the information and unreliable meteorological information that is likely to obstruct taking up climate-smart agricultural strategies. Further, the Kenyan constitution that guarantees 'elimination of gender discrimination in law, customs and practices related to land and property in land' (GoK 2010b: 42) offers optimism in addressing human rights and existing gender inequality. The big challenge, however, is how to address the rigid informal institutions and norms that hinder women's full participation in decision-making and access to resources. Informal institutions such as customary laws, traditions and prevailing norms, confine women's right to access and control over land, creating difficulties for female farmers to make long-term decisions on land use. However, traditions, cultures and norms are not static, but malleable over time. A working example, in Siaya and Gem districts, is that prevailing traditions and norms dictate women not to own or inherit land after the demise of the husband limiting women's land ownership. One of the female participants in FGDs in Gem stated that Group-based approaches present vital pathways for wives by promoting their livelihood strategies through group-based entrepreneurship, income generation, training facilities, microfinancing and group-based food and nutritional processes. Therefore, social groups build men's and women's assets such as livestock, physical, human, natural and financial capital and food security. However, women-based groups depend on prevailing gender norms, the role and responsibilities, and fallback positions of women in the household and community. For instance, group-based crop production and food acquisition help women enhance their role as a food producer and nutritional overseer in the household. Enabling food security in the household is likely to improve innovations and necessary changes in agricultural practices that is likely to facilitate uptake of essential adaptation practices such as improved management of crop and livestock in the wake of accelerating climate change (Kristjanson et al. 2012) . Besides, group-based income-generating alternatives are likely to increase women's fallback position through promoting livelihood strategies and buildup of assets, which in turn increase their intra-household negotiating power. At community level, group-based approaches provide a podium for within community bargaining and participating in the decision-making arena, increase the political voice and provide a pedestal for addressing traditions and social norms. A male FGD participant stated that "We [men] are doing our best to address traditions and cultural beliefs impeding women empowerment and adoption of technologies and practices… we are encouraging men through social groups and local leaders' meetings to endow women commence innovations and agricultural practices (…)"
Nonetheless, husbands have a wider network, a higher political capital, greater participation in community decision-making and a higher access to social capital than wives do, attributable to pre-existing gender/social norms and women's roles in the household such as cooking and taking care of kids limiting their mobility to inter-village social groups and CBOs. Katungi et al. (2008) comparing male-and female-headed households in Uganda indicate that men have a greater access to social capital as compared to women. Pérez et. al. (2014) similarly show that in SSA women belong to village-level groups, whereas men belong to registered organizations that work beyond the village and hence have greater access to support agencies. Besides, our findings show that men mostly belong to mixed-gender groups (heterogeneous groups) as compared to women. Women-only groups are likely to be effective pathways for women empowerment, nurturing self-confidence, as well as strengthening women's intra-household bargaining power particularly in the face of gender inequity (Meinzen-Dick et al. 2014 ) and lobby for gender aspects and inclusion of women in governance at all levels (Arora-Jonsson 2014). However, mixed-gender groups are likely to upsurge women's asset base and provide a podium for public negotiations.
Conclusions and policy implications
The results of this study show interesting intra-household gender analyses where husbands and wives within the same household agree/disagree in risk perceptions, in the undertaking of adaptation options, access to information and participation in group-based approaches. Policy implications of these findings are the need for gender mainstreaming and formulation of gender-sensitive policies and programs in adaptation and mitigation frameworks. These kinds of policies ought to institutionalize gender as a key factor and integrate different social roles and responsibilities of men and women. Adaptation to the changing climate will be effective if strategies are geared towards women's needs and perspectives. An intervention like soil conservation, especially the use of animal and composite manure, is a laborintensive strategy that may require the use of draft animals. Governance structures, considerations, and inclusion of men and women in the household, community and national level decision-making will promote inclusiveness of their needs and interests in risk management, adaptation policies and programs, hence ultimately fortify their adaptive capacity. There is the ultimate need for a gender-transformative approach that acknowledges and addresses the conundrum of informal institutions, such as gender norms, social norms, cultures and traditions and their interaction with formal institutions, otherwise, remarkable gender inequality and institutional 'path dependency' would persist.
The prevailing gender disparity in access to information and access to extension agents, gender-specific climate information needs and gender-preferences in information channels call for public and private information providers to employ gender-sensitive information delivery approaches. This is viable through scaling up gender-sensitive group-based learning, farmer's field school based approaches and farm visit extension approaches that are easily reachable by both men and women. Besides, sharing of climate and agricultural information through the easily accessible channels by both men and women such as ICTs, extension agents and group-based approaches should be encouraged to scale up the adaptation and mitigation of climate change. Disseminating reliable and accurate information will influence husbands' and wives' decisions on the uptake of climate-smart practices in the domains of crop and livestock production, soil and water management, agroforestry besides embracing new technologies that are essential in adapting to the accelerating climate change.
Gender disparity in the ownership of assets requires empowering women's bargaining and decision-making power at the household and community level. Drawing upon alternatives and innovative approaches to access resources, particularly through group-based approaches has far-reaching implications for women's fallback position at both community and household level. This is feasible through group-based land acquisition for agricultural production purposes, collective inputs banks and group-based income-generating activities that sequentially surge women's income, food and nutritional security, besides augmenting resilience in the face of a changing climate.
Gender-differentiated group-based approaches are relevant in influencing decisions to adapt to climate change and enhance welfare outcomes through accumulating essential productive capital such as physical (livestock and consumer durables), human (training, access to information, food and nutritional security), natural (joint acquisition of land), financial (micro financing) and social capital. Therefore, policy interventions that rely on group-based approaches must reflect gender perspectives on the ground in order to amplify men's and women's specific abilities to manage risks and improve welfare outcomes in the wake of accelerating climate change.
Appendix 1A .000 Note: The Kaiser-Meyer-Olkin (KMO) criterion approves that PCA is an appropriate method to estimate the social capital index. Bartlett's test of sphericity 2 (66) = 1276.13, with P-value <0.01, which indicate highly correlation of social capital variables and sufficiently large for analysis. Five components were extracted with Eigenvalue >1, which together explain 73.5% of the variance. Factor loadings of an absolute value >0.3 was selected for the interpretation and classification of the factors (Stevens 2002). Source: Authors' computations centered on the 2012 survey data Note: Superscript † presents variables in binary format. ***p<0.01, **p<0.05, *p<0.1 Source: Authors' computations centered on the 2012 survey data
